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© A process is described for forming, over a sili- 
con surface, a titanium nitride barrier layer having a 
surface of (111) crystallographic orientation. The pro- 
cess comprises: depositing a first titanium layer (40) 
over a silicon surface (20); sputtering a titanium 
nitride layer (50) over the titanium layer (40): depos- 
iting a second titanium layer over the sputtered 
titanium nitride layer; and then annealing the struc- 
ture in the presence of a nitrogen-bearing gas, and 
in the absence of an oxygen-bearing gas, to form 
the desired titanium nitride having a surface of (111) 
crystallographic orientation and a sufficient thickness 
to provide protection of the underlying silicon against 
spiking of the aluminum. When an aluminum layer 
(80) is subsequently formed over the (111) oriented 
titanium nitride surface, the aluminum will then as- 
sume the same (111) crystallographic orientation, 
resulting in an aluminum layer (80) having enhanced 
resistance to electromigration. 




FIG. 5 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method for forming a 
titanium nitride (TiN) barrier layer having a (111) 
crystallographic orientation on an integrated circuit 
structure. 

2. Description of the Related Art 

In the formation of integrated circuit structures, 
aluminum is used for forming the electrical connec- 
tions or wiring between active and/or passive de- 
vices comprising the integrated circuit structure. 
Conventionally this involves the use of aluminum 
which is electrically connected to underlying silicon 
in the structure. While the aluminum and silicon are 
electrically connected together, it has become the 
practice to use intermediate electrically conductive 
layers interposed between the silicon and alumi- 
num to respectively provide better electrical con- 
nection to the silicon, and to provide a physical 
(metallurgical) barrier between the silicon and alu- 
minum to prevent spiking of the aluminum into the 
silicon, i.e., migration of aluminum atoms into the 
underlying silicon, which can interfere with the per- 
formance and reliability of the resulting integrated 
circuit structure. 

Conventionally, one method which has been 
used to accomplish this has been to deposit a 
layer of titanium over a silicon surface, e.g., to form 
a contact with the silicon, and then to anneal the 
titanium-coated structure in the presence of nitro- 
gen whereby a titanium silicide layer forms over 
the exposed silicon to form a good electrical con- 
tact with the silicon and titanium nitride forms over 
the titanium silicide as the surface of the titanium 
layer reacts with the nitrogen atmosphere. 

While this method does accomplish the forma- 
tion of a good electrical contact to the silicon, by 
formation of the titanium silicide, it often does not 
result in a satisfactory formation of a barrier layer 
of titanium nitride over the titanium silicide. This is 
because the simultaneous formation of both the 
titanium silicide and the titanium nitride from the 
same titanium layer results in competing reactions 
wherein more of the titanium reacts with the silicon, 
resulting in the formation of a layer of titanium 
nitride of insufficient thickness to provide the de- 
sired barrier protection against aluminum spiking. 

One prior art solution to this problem has been 
to form the titanium silicide barrier layer first and 
then to sputter additional titanium nitride over the 
titanium silicide or titanium silicide/titanium nitride 
layer. In this way a sufficient thickness of titanium 
nitride may be formed to provide the desired bar- 
rier layer. 



While the above method results in satisfactory 
formation of a titanium silicide contact layer and a 
titanium nitride barrier layer over the silicide, and 
beneath the subsequently deposited aluminum, an 

5 additional problem has been encountered involving 
electromigration of aluminum atoms in the alu- 
minum layer, during subsequent operation of the 
integrated circuit structure, if the aluminum layer is 
not formed with a (111) crystallographic orientation. 

io Such electromigration of the aluminum atoms can 
result in open circuits in the integrated circuit struc- 
ture and, therefore, such electromigration must be 
inhibited or eliminated. 

Formation of titanium nitride by the nitration of 

;5 titanium will result in formation of a titanium nitride 
layer having a (111) crystallographic orientation. 
However, as discussed above, formation of such a 
titanium nitride from titanium deposited over silicon 
does not result in formation of a sufficiently thick 

20 titanium nitride barrier layer. 

Conversely, while sputter deposition of titanium 
nitride will form the desired thickness of titanium 
nitride barrier layer, the crystallographic orientation 
of sputtered titanium nitride is usually either (200) 

25 or polycrystalline. 

It would, therefore, be desirable to form a 
titanium nitride barrier layer over a silicon surface 
with a titanium nitride surface having a (111) 
crystallographic orientation, whereby spiking of alu- 

30 minum through such a titanium nitride layer would 
be inhibited or eliminated, yet the formation of 
aluminum of (111) crystallographic orientation 
would be promoted by the nucleation sites pro- 
vided by the (111) crystallographic orientation of 

35 the underlying titanium nitride surface. 

SUMMARY OF THE INVENTION 

The invention, therefore, comprises a process 

40 for forming, over a silicon surface, a titanium nitride 
barrier layer having a surface of (111) crystallog- 
raphic orientation which comprises: depositing a 
first titanium layer over a silicon surface; sputtering 
a titanium nitride layer over the titanium layer; 

45 depositing a second titanium layer over the sput- 
tered titanium nitride layer; and annealing the struc- 
ture in the presence of a nitrogen-bearing gas. and 
in the absence of an oxygen-bearing gas, to form 
the desired titanium nitride having a surface of 

so (111) crystallographic orientation and a sufficient 
thickness to provide protection of the underlying 
silicon against spiking of the aluminum. 

During the anneal the first titanium layer reacts 
with the underlying silicon to form the desired 

55 titanium silicide electrical contact, while the second 
titanium layer reacts with the nitrogen in the 
nitrogen-bearing atmosphere to form titanium 
nitride of (1 1 1) crystallographic orientation. 
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The sputtered intermediate titanium nitride lay- 
er functions both to form the desired barrier layer 
as well as to separate the two titanium layers 
during the annealing step so that the respective 
titanium silicide and (111) titanium nitride structures 
may be formed independently by respective reac- 
tions of the respective titanium layers with the 
underlying silicon and the nitrogen-bearing atmo- 
sphere. 

An aluminum layer subsequently formed over 
the (111) oriented titanium nitride surface will then 
assume the same (111) crystallographic orientation, 
resulting in an aluminum layer having enhanced 
resistance to electromigration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a vertical fragmentary cross-sec- 
tional view of the first step of the process showing 
the deposition of a first layer of titanium over a 
silicon surface. 

Figure 2 is a vertical fragmentary cross-sec- 
tional view of the second step of the process 
showing a layer of titanium nitride sputter depos- 
ited over the first layer of titanium. 

Figure 3 is a vertical fragmentary cross-sec- 
tional view of the third step of the process showing 
the deposition of a second layer of titanium over 
the sputter deposited titanium nitride layer. 

Figure 4 is a vertical fragmentary cross-sec- 
tional view of the fourth step of the process show- 
ing the formation of a titanium silicide layer, over 
the silicon surface by reaction of the silicon with 
the first layer of titanium during an annealing step, 
and the simultaneous formation of a titanium nitride 
layer of (111) crystallographic orientation over the 
sputter deposited titanium nitride layer by reaction 
of the second layer of titanium with a nitrogen- 
bearing gas in the absence of any oxygen-bearing 
gases during the annealing step. 

Figure 5 shows the structure of Figure 4 with 
an aluminum layer of (111) crystallographic orienta- 
tion shown formed over the (111) oriented titanium 
nitride surface. 

Figure 6 is a flowsheet illustrating the process 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention comprises a method for forming 
a titanium nitride barrier layer over a silicon surface 
which is capable of preventing spiking from a sub- 
sequently deposited aluminum layer over the 
titanium nitride barrier layer, and which will have a 
surface of (111) crystallographic orientation where- 
by the titanium nitride layer may also function as a 
nucleation layer for the subsequent formation of an 
aluminum layer thereon having a (111) crystallog- 



raphic orientation. 

Referring now to Figure 1 , an integrated circuit 
structure comprising silicon material is shown at 10 
having a silicon surface 20 thereon. Illustrated sili- 

5 con integrated circuit structure 10 may comprise, 
for example, a silicon wafer having an active device 
formed therein wherein silicon surface 20 may 
comprise the upper surface of a source or drain 
region of an MOS device formed in the silicon 

/o wafer or the upper surface of a collector or base 
region of a bipolar transistor formed in the silicon 
wafer. Alternatively, silicon structure 10 (and silicon 
surface 20 thereon) may, for example, comprise a 
polysilicon contact formed over other layers of the 

75 integrated circuit structure to provide electrical con- 
tact to an active device; or silicon structure 10 may 
comprise some other type of polysilicon intercon- 
necting structure. 

In the illustrated embodiment, an oxide layer 

20 30 is shown formed over silicon surface 20 with an 
opening 34 formed therein to permit formation of 
an electrical contact or via to an aluminum layer or 
structure which will subsequently be formed over 
oxide layer 30. It will be understood, however, that 

25 the presence or absence of such an oxide layer 
has nothing to do with the practice of this invention. 

As shown in Figure 1, an initial layer 40 of 
titanium is formed over the entire structure by any 
conventional deposition technique such as CVD or 

30 PVD (sputter deposition) to a thickness which may 
range from about 50 to about 1000 Angstroms, 
preferably from about 100 to about 500 Angstroms, 
and typically about 200 Angstroms. 

After formation of titanium layer 40, a layer 50 

35 of titanium nitride is sputtered over titanium layer 
40 to form the structure shown in Figure 2. Sput- 
tered titanium nitride layer 50 must be formed thick 
enough to function as the barrier layer between 
silicon surface 20 and a subsequently applied alu- 

40 minum layer to prevent spiking of the aluminum 
into silicon structure 10. Sputtered titanium nitride 
layer 50 is, therefore, formed with a thickness 
ranging from about 500 to about 1500 Angstroms, 
preferably from about 700 to about 1000 Ang- 

45 stroms, and typically to a thickness of about 800 
Angstroms. 

Titanium nitride layer 50 may be formed In the 
same chamber used for deposition of titanium layer 
40 or in sputter chamber in the same or a different 

so apparatus. It must be noted, however, that since 
titanium layer 40 has not, as yet been annealed, 
resulting in reaction between titanium layer 40 and 
silicon surface 20 to form the desired titanium 
silicide contact thereon, it is important that titanium 

55 layer 40 not come into contact with an oxygen- 
bearing atmosphere. Thus, if it is necessary to 
move silicon structure 10 from one chamber or 
apparatus to another, after deposition of titanium 
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layer 40 thereon, it is important that any such 
movement of structure 10 be carried out under 
oxygen-free conditions. 

After formation of titanium nitride barrier layer 
50, a second titanium layer 60 is deposited over 
titanium nitride layer 50 as shown in Figure 3. 
Second titanium layer 60 is deposited to a thick- 
ness ranging from about 100 to about 500 Ang- 
stroms, preferably from about 300 to about 400 
Angstroms. Second titanium layer 60 may be de- 
posited over titanium nitride layer 50 in the same 
manner as previously discussed for the formation 
of first titanium layer 40. 

Preferably, titanium nitride layer 50 is treated in 
the same manner as titanium layer 40 with respect 
to exposure to oxygen-bearing gases. That is, 
titanium nitride layer 50 is preferably not exposed 
to oxygen-bearing gases after its deposition over 
first titanium layer 40 and prior to the deposition of 
second titanium layer 60 over titanium nitride layer 
50. 

After deposition of second titanium layer 60, 
the structure is annealed in a nitrogen-bearing at- 
mosphere to react first titanium 40 with the under- 
lying silicon to form a titanium silicide contact 44 
between silicon surface 20 and titanium nitride lay- 
er 50; and to react second titanium layer 60 with 
nitrogen to form a titanium nitride surface 70 hav- 
ing a (111) crystallographic orientation, as shown in 
the structure of Figure 4. 

It should be noted that, as previously dis- 
cussed with respect to first titanium layer 40, ap- 
propriate measures must be taken to protect 
titanium layer 60 from exposure to any oxygen- 
bearing gases prior to the annealing step to avoid 
formation of titanium oxides. 

The structure then may be annealed at an 
initial annealing temperature preferably ranging 
from about 300 *C to about 900 *C, preferably from 
about 500 *C to about 800 *C, and typically about 
700 'C. Preferably, the annealing is carried out 
under rapid anneal conditions where the wafer is 
ramped up to the annealing temperature at a rate 
of from about 5 • C per second to about 1 50 * C per 
second, preferably from about 30*C/second to 
about 80'C/second, and the anneal is carried out 
for a period of time ranging from about 5 to about 
180 seconds, preferably from about 20 to about 60 
seconds. 

In accordance with the invention the structure 
is annealed in a nitrogen-bearing atmosphere, e.g. 
a gaseous mixture containing nitrogen and an inert 
gas such as argon or helium, and in the absence of 
oxygen or any oxygen-bearing gases which would 
react with titanium layer 60 to form titanium oxide 
which would otherwise interfere with the desired 
reaction between titanium layer 60 and the nitrogen 
in the annealing atmosphere to form the desired 



titanium nitride layer with (111) crystallographic ori- 
entation. Such a nitrogen-bearing atmosphere may 
be achieved in the annealing chamber by flowing 
one or more nitrogen-bearing gases into an anneal- 

5 ing chamber at a rate of from about 500 to about 
10,000 seem (depending on the vacuum pump 
capacity) while maintaining the pressure in the an- 
nealing chamber within a range of from about 100 
milliTorr to about 800 Torr. 

io The anneal may also be carried out in two 

steps wherein the annealing temperature in the first 
step does not exceed about 695 'C, following 
which the structure is subjected to a second an- 
nealing at a temperature of from about 800 *C to 

75 about 900 *C for from about 5 to about 180 sec- 
onds, preferably from about 20 to about 60 sec- 
onds, to convert the less stable C49 phase titanium 
silicide formed in the first annealing step to a more 
stable C54 phase, as is well know to those skilled 

20 in the art. Such two stage annealing is described in 
copending application Serial No. 07/510,307, filed 
April 16, 1990, and assigned to the assignee of this 
invention. 

It should be noted that the reaction of titanium 
25 layer 60 with the nitrogen in the annealing at- 
mosphere to form the (111) crystallographic ori- 
ented titanium nitride results in the formation of 
titanium nitride having the desired crystallographic 
orientation at surface 70 and adjacent thereto, but 
30 not necessarily extending through the entire bulk of 
previously sputtered underlying titanium nitride lay- 
er 50. 

However, since only surface 70 of the titanium 
nitride and a region extending a few Angstroms 

35 beneath surface 70. will be capable of acting as 
nucleation sites for subsequently deposited alu- 
minum to cause the formation of (111) crystallog- 
raphically oriented aluminum, it is not necessary 
that all of the underlying titanium nitride, which is 

40 principally present to act as a barrier layer, have 
such crystallographic orientation. 

In view of this, the structure depicted in Figure 
4 is shown with a single titanium nitride layer 
identified by the numeral 50, while the surface of 

45 layer 50 is identified by numeral 70, it being under- 
stood that the (111) crystallographic orientation of 
the titanium nitride at surface 70 will extend down 
into titanium nitride layer 50 a distance which may 
be about equal to the original thickness of titanium 

so layer 60, with such titanium nitride of (111) crystal- 
lographic orientation gradually merging into the un- 
derlying titanium nitride without a sharp line of 
demarcation therebetween. 

After formation of the (111) crystallographically 

55 oriented titanium nitride surface 70, an aluminum 
layer 80, having the desired (111) crystallographic 
orientation may be conventionally formed over sur- 
face 70 by a CVD or PVD process, such as, for 
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example, by sputtering from about 0.1 to about 1.5 
microns of aluminum over the entire structure, as 
shown in Figure 5. The resulting aluminum layer 
may then be conventionally patterned to form the 
desired final aluminum wiring harness or structure. 

Thus, the invention provides a process for the 
formation of titanium nitride on an integrated circuit 
structure wherein a silicon surface and a layer of 
aluminum may be electrically connected together 
while being separated by titanium nitride which 
functions as a barrier layer of sufficient thickness to 
inhibit spiking of aluminum through the titanium 
nitride to the underlying silicon, and has a (111) 
crystallographic surface on the titanium nitride 
which will promote subsequent formation of alu- 
minum thereon having such (111) crystallographic 
orientation. 

Ciaims 

1. A process for forming, over a silicon surface, a 
titanium nitride barrier layer having a surface of 
(111) crystallographic orientation which com- 
prises: 

a) depositing a first titanium layer (40) over 
a silicon surface (20); 

b) depositing a titanium nitride layer (50) 
over said first titanium layer (40); 

c) depositing a second titanium layer (60) 
over said titanium nitride layer (50); and 

d) annealing the structure in the presence of 
a nitrogen-bearing gas, and in the absence 
of an oxygen-bearing gas to form titanium 
nitride having a surface of (111) crystallog- 
raphic orientation from said second titanium 
layer (60); 

whereby said resulting titanium nitride bar- 
rier layer has a surface of (111) crystallog- 
raphic orientation and a sufficient thickness 
to provide protection of the underlying sili- 
con against spiking by aluminum subse- 
quently formed over said titanium nitride 
barrier layer. 

2. The process of claim 1, 

wherein said step of depositing over said sili- 
con surface (20) a first layer (40) of titanium 
further comprises depositing from about 50 to 
about 1000 Angstroms, preferably from about 
100 to about 500 Angstroms of titanium over 
said silicon surface. 

3. The process of claim 1 or 2, 

wherein said step of forming a layer (50) of 
titanium nitride over said first layer (40) of 
titanium further comprises sputtering from 
about 500 to about 1 500 Angstroms, preferably 
from about 700 to about 1000 Angstroms of 



titanium nitride over said first layer of titanium. 

4. The process of any of claims 1 to 3, 
wherein said step of depositing over said 

5 titanium nitride a second layer (60) of titanium 

over said first layer of titanium further com- 
prises depositing from about 100 to about 500 
Angstroms of titanium over said titanium nitride 
layer (60). 

w 

5. The process of any of claims 1 to 4, 
wherein said step of depositing over said sili- 
con surface a first layer of titanium further 
comprises depositing from about 300 to about 

75 400 Angstroms of titanium over said silicon 

surface. 

6. The process of any of claims 1 to 5, 

which further includes the formation of titanium 
20 silicide by reaction of said first titanium layer 

(40) with said underlying silicon surface to 
form a titanium silicide electrical contact (44) 
between said silicon surface (20) and said 
titanium nitride. 

25 

7. The process of any of claims 1 to 6, 
wherein said step of annealing said structure 
further comprises annealing said structure at a 
temperature ranging from about 300 *C to 

30 about 900 * C. 

8. The process of any of claims 1 to 7, 
wherein said step of annealing said structure 
further comprises annealing said structure in 

35 an annealing chamber maintained at a pres- 

sure within a range from about 100 milliTorr to 
about 800 Torr. 

9. The process of any of claims 1 to 8, 

40 wherein said annealing step is carried out in an 

annealing chamber while flowing one or more 
nitrogen-bearing gases into said chamber at a 
rate from about 500 seem to about 10000 
seem. 

45 

10. The process of any of claims 1 to 9, 
wherein said step of annealing said structure 
further comprises annealing said structure un- 
der rapid anneal conditions where the structure 

so is ramped up to an annealing temperature 

ranging from about 300 ' C to about 900 * C at 
a rate of from about 5 * C per second to about 
150 *C per second, and then maintaining said 
structure at said temperature for a period rang- 

55 ing from about 5 to about 180 seconds. 

11. The process of any of claims 1 to 9. 
wherein said step of annealing said structure 
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further comprises annealing said structure un- 
der rapid anneal conditions where the structure 
is ramped up to an annealing temperature 
ranging from about 500 # C to about 800 *C at 
a rate of from about 30 V C per second to 
about 80 * C per second, and then maintaining 
said structure at said temperature for a period 
ranging from about 20 to about 60 seconds. 

12. The process of any of claims 1 to 9, 
wherein said annealing step comprises: 

a) first annealing said structure under rapid 
anneal conditions where the structure is 
ramped up to a first annealing temperature 
ranging from about 300 * C to about 695 * C 
at a rate of from about 5 * C per second to 
about 150 *C per second, and maintaining 
said structure at said first annealing tem- 
perature for a period ranging from about 5 
to about 180 seconds; and 

b) then raising said annealing temperature 
up to from about 800 * C to about 900 *C 
after said initial anneal for an additional time 
period of from about 5 to about 180 sec- 
onds to convert the less stable titanium 
silicide formed in the first annealing step to 
a more stable phase. 

13. The process of any of claims 1 to 12, 
wherein said annealing step is carried out after 
said deposition of said second layer (60) of 
titanium without exposing said second layer of 
titanium to an oxygen-bearing gas between 
said deposition and annealing steps. 

14. The process of any of claims 1 to 13, 
wherein said step of depositing said titanium 
nitride is carried out after said deposition of 
said first layer (40) of titanium without exposing 
said first layer of titanium to an oxygen-bearing 
gas before said layer of titanium nitride is 
deposited thereon. 

15. The process of any of claims 1 to 14, 
wherein said step of depositing said second 
layer (60) of titanium over said layer of titanium 
nitride is carried out without exposing said 
layer (50) of titanium nitride to an oxygen- 
bearing gas before said second layer (60) of 
titanium is deposited thereon. 

16. A process for forming, over a silicon surface, a 
titanium nitride barrier layer having a surface of 
(111) crystallographic orientation which com- 
prises: 

a) depositing from about 50 to about 1000 
Angstroms of a first titanium layer (40) over 
a silicon surface (20); 



b) sputtering from about 500 to about 1500 
Angstroms of a titanium nitride layer (50) 
over said first titanium layer (40); 

c) depositing from about 100 to about 500 
5 Angstroms of a second titanium layer (60) 

over said titanium nitride layer (50); and 

d) annealing the structure in the presence of 
a nitrogen-bearing gas, and in the absence 
of an oxygen-bearing gas to form titanium 

io silicide from said first titanium layer (40) 

over said silicon surface (20) and to form 
titanium nitride having a surface of (111) 
crystallographic orientation from said sec- 
ond titanium layer (60); 

15 whereby said resulting titanium nitride bar- 

rier layer has a surface of (111) crystallog- 
raphic orientation and a sufficient thickness 
to provide protection of the underlying sili- 
con against spiking by aluminum subse- 

20 quently formed over said titanium nitride 

barrier layer. 

17. The process of claim 16, 

wherein said step of annealing said structure 
25 further comprises annealing said structure in 

an annealing chamber maintained at a pres- 
sure of from about 100 milliTorr to about 800 
Torr under rapid anneal conditions where the 
structure is ramped up to an annealing tem- 
30 perature ranging from about 300 • C to about 

900 *C at a rate of from about 5 *C per 
second to about 150 *C per second, and then 
maintaining said structure at said temperature 
for a period ranging from about 5 to about 180 
35 seconds. 

18. A process for forming, over a silicon surface, a 
titanium nitride barrier layer having a surface of 
(111) crystallographic orientation which com- 

40 prises: 

a) depositing from about 50 to about 1000 
Angstroms of a first titanium layer (40) over 
a silicon surface (20); 

b) sputtering from about 500 to about 1500 
45 Angstroms of a titanium nitride layer (50) 

over said first titanium layer (40); 

c) depositing from about 100 to about 500 
Angstroms of a second titanium layer (60) 
over said titanium nitride layer (50); and 

so d) annealing the structure in the presence of 

a nitrogen-bearing gas, and in the absence 
of an oxygen-bearing gas in an annealing 
chamber maintained at a pressure' of from 
about 100 milliTorr to about 800 Torr to 

55 form titanium silicide from said first titanium 

layer (40) over said silicon surface (20) and 
to form titanium nitride having a surface of 
(111) crystallographic orientation from said 
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second titanium layer (60) by: 

i) heating said structure up to an anneal- 
ing temperature ranging from about 600 
# C to about 695 *C at a rate of from * 
about 5 • C per second to about 1 50 * C 5 
per second; 

ii) maintaining said structure at said tem- 
perature for a period ranging from about 
50 to about 180 seconds; 

iii) raising said annealing temperature up 10 
to from about 800 • C to about 900 . • C 
after said initial anneal; and 

iv) maintaining said structure at said tem- 
perature for an additional time period of 
from about 5 to about 180 seconds to 15 
convert the less stable titanium silicide 
formed in said first annealing step to a 
more stable phase; 

whereby said resulting titanium nitride bar- 
rier layer has a surface of (111) crystallog- 20 
raphic orientation and a sufficient thickness 
to provide protection of the underlying sili- 
con against spiking by aluminum subse- 
quently formed over said titanium nitride 
barrier layer. 25 

19. The process of claim 6, 16, 17 or 18. 

including the further step of forming an alu- 
minum layer (80) over said (111) oriented 
titanium nitride surface, whereby said alumi- 30 
num layer (80) will assume the (111) crystal- 
lographic orientation of said titanium nitride 
surface thereunder, resulting in an aluminum 
layer (80) having enhanced resistance to elec- 
tromigration. 35 
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